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Abstract
PART - A 
Introduction Ever since the discovery of homogeneous bis(cyclopentadienyl)titanium(IV) dichloride (Cp2TiCl2)-alkylaluminum catalyst system for ethylene polymerization, homogeneous Ziegler-Natta catalysts have assumed importance for a variety of fundamental and applied reasons1. Recent discoveries in the area of homogeneous, highly active and stereospecific metallocene-aluminoxane catalysts2 has stimulated renewed commercial and academic interest in these catalysts3. This is evidenced by the accumulation of large volume of patented and published literature during the last 15 years. Any hydrocarbyl aluminum compound on controlled reaction with water forms an aluminoxane. The most commonly used alkylaluminums for the synthesis of aluminoxanes are trimethylaluminum (TMA), triethylaluminum (TEAL) and triisobutylaluminum (TIBAL). Of the various aluminoxanes, methylaluminoxane (MAO) is the most difficult to prepare because of the extreme reactivity of TMA. However, the most reactive MAO is the most preferred one for olefin polymerization. Metallocene-MAO based catalysts are well studied homogeneous Ziegler-Natta catalysts for olefin polymerization. The present investigation was undertaken with a view to understand some of the features of MAO based homogeneous Ziegler-Natta catalysis as described below. 
a) The reaction between water and alkylaluminums is highly exothermic, accompanied by flames and yields aluminum oxide. MAO, whose structure has been postulated as a mixture of linear and cyclic oligomers of [Al(Me)O]n units, is prepared by controlled, partial hydrolysis of TMA with hydrated salts in an inert solvent medium, preferably toluene4. Recently, on the basis of X-ray structural characterization, Barren et. al., have proposed that MAO and related aluminoxanes have cluster structures analogous to those found for the iminoalanes in which the aluminum centers are tetra-coordinate6. Depending on the nature of salt used and the reaction conditions, MAO with widely differing activities as co-catalysts in polymerization of ethylene is formed4. It is reported that MAO forms an adduct with three molecules of TMA which even after distillation in the presence of cumene or complexation with tetrahydrofuran retains one molecule of strongly associated TMA6. The structure, degree of oligomerization, methane/aluminum molar ratio, and the amount of free or complexed TMA to MAO will differ depending on the reaction conditions like nature of water source, temperature, water to alkylaluminum ratio, and concentration of alkylaluminum during synthesis employed for the preparation of MAO. Despite of large volume of published and patented literature on MAO, details of its structure, degree of oligomerization, methane/aluminum molar ratio, the amount of free or complexed TMA to MAO are not well understood. The effect of free TMA on polymerization of ethylene using metallocene-MAO catalyst system has not been well studied so far. 
b) Sterically hindered aryloxy derivatives of alkylaluminums have been shown to polymerize propylene and isoprene using TiCl3 catalyst7. TMA on reaction with sterically hindered phenol like butylated hydroxy toluene gives a compound AlMe(BHT)2, which is monomeric in nature and bears a close similarity to the structure of oligomeric MAO8. The AlMe(BHT)2 which has been reported to act as a cocatalyst in heterogeneous Ziegler-Natta catalysis has not been used as a catalyst component along with metallocenes for the polymerization of ethylene so far. 
Objective of present investigation 1. To synthesize MAO at different reaction conditions, characterize the synthesized MAO for methane/aluminum molar ratio, molecular weight and % of TMA, and to study the catalytic effect of the synthesized MAO on ethylene polymerization using Cp2ZrCl2 catalyst. 2. To study the effect of added TMA to MAO, and to study the various reaction conditions like temperature, Al/Zr ratio, concentration of Cp2ZrCl2 and concentration of MAO on polymerization of ethylene using Cp2ZrCl2 catalyst. Also the effect of AlMe(BHT)2 as a cocatalyst on polymerization of ethylene using Cp2ZrCl2 as catalyst also is to be investigated. 
Chapter -1 This chapter provides a historical background of the Ziegler-Natta catalyst systems, a detailed literature survey of aluminoxanes (mainly MAO) synthesis, characterization and a critical survey of homogeneous Ziegler-Natta catalysts for the polymerization of ethylene. 
Chapter - II The objective and scope of the present investigation is described in this chapter. Chapter - III This chapter deals with the synthesis of MAO using hydrated salts at different reaction conditions as shown in the equation. hydrated salt, toluene 
A1(CH3)3-------------- .......................................... > [-Al(CH3)-O-]n partial hydrolysis Methyl/aluminum ratio obtained for MAOs synthesized by different methods are compared. The percentage of hydrolysis with time for MAOs synthesized by different methods are discussed. MAO obtained has been characterized by 1HNMR, cryoscopy and analytical techniques. The molecular weights determined by cryoscopy and methane/aluminum molar ratio determined by 1H-NMR and analytical techniques are compared for different MAOs. MAOs prepared by different reaction conditions are also compared for their catalytic activity on ethylene polymerization using Cp2ZrCl2 catalyst at one atmosphere pressure and using toluene as solvent. 
Chapter - IV This chapter deals with the polymerization of ethylene in toluene at one atmosphere pressure using bis(cyclopentadienyl)zirconium dichloride (Cp2ZrCl2) catalyst and MAO, TMA, tetraisobutyldialuminoxane (TIBDAO) (Schering-A.G., Germany) and sterically hindered aryloxy derivative of TMA, AlMe(BHT)2 (synthesized in the laboratory) as cocatalysts. The role of TMA on Cp2ZrCl2-MAO catalyzed polymerization kinetics of ethylene has been studied. By the addition of TMA to the Cp2ZrCl2-MAO system for the polymerization of ethylene the kinetic profile changes from a decay type curve to a build up type curve. Increase in catalytic activity as well as life time of the catalyst are also observed. The effect of concentration of different cocatalysts mentioned above, effect of [Zr] and temperature on kinetics of ethylene polymerization are also discussed in this chapter. Higher activity and higher rate of polymerization are observed at high Al/Zr ratio, higher temperature (70?C) and lower [Zr]. AlMe(BHT)2 does not polymerize ethylene in conjunction with Cp2ZrCl2. However, the addition of TMA to the Cp2ZrCl2-AlMe(BHT)2 system makes it an active catalyst for polymerization of ethylene. The kinetic profile changed from build up type to decay type curve which is reminiscent of MAO cocatalyzed ethylene polymerization. The synthesized polyethylenes have been characterized by DSC, TGA and intrinsic viscosity measurements. 
PART - B 
Introduction Among the various polymerization methods for vinyl and related monomers radical polymerization has been known for the longest time and is best understood. This method requires the introduction of a radical species into the monomeric system. The most common way of generating radicals is by homolytic decomposition of covalent bonds. This can be achieved by imparting enough energy to the bond, either by heating or by radiation. Photochemical reactions, either catalyzed or uncatalyzed, can also lead to initiation of free radical polymerization of vinyl and related monomers. Photopolymerization of methyl methacrylate induced by triethylaluminum has been reported to proceed via free-radical mechanism9. A photoexcited state of the carbonyl complex of the Wittig "ate" type has been proposed as the active initiator. Recently, Inoue and co-workers have studied the light-induced polymerization of methyl methacrylate using aluminum tetraphenylporphyrin as initiator10. The reaction has been shown to proceed by a concerted mechanism involving the enol ester of methyl methacrylate bound to aluminum as the active species. The polymerization exhibits the characteristics of a living polymerization such as controlled and predictable molecular weight and narrow molecular weight distribution. Photopolymerization of methyl methacrylate and other acrylic esters induced by MAO has not been studied so far. Objective of the present investigation To study the polymerization of acrylic monomers induced by MAO and TMA in presence of U.V. light. 
Chapter - V This chapter provides a brief introduction to the photopolymerization, principles of photopolymerization and kinetic features of photopolymerization of acrylic ester monomers. Objective of the present investigation is also discussed. 
Chapter-VI The features of polymerization of acrylic ester monomers induced by TMA and MAO in U.V. light are compared in this chapter. The effect of time and conversion on number average molecular weight for TMA as well as MAO initiated photopolymerization of methyl methacrylate have been studied. With MAO, both conversion and number average molecular weight increase linearly with time. The plot of number average molecular weight versus conversion is also linear. This behavior is reminiscent of the "living" radical polymerization of methyl methacrylate observed with thermal iniferters and photoiniferters. The molecular weights of poly(methyl methaery 1 ate)s achieved in the case of MAO-induced photopolymerization of methyl methacrylate are much higher than those obtained through TMA-induced photopolymerization. The features of MAO-induced photopolymerization of methyl methacrylate differ significantly from that of pure TMA. The kinetics of photopolymerization of methyl methacrylate induced by MAO and TMA have also been studied. The synthesized polymers have been characterized by 1H-NMR, TGA, DSC, GPC and intrinsic viscosity measurements. 
Chapter - VH This chapter summarizes the results and describes the salient conclusions of the investigations reported in the thesis. 
PART-A The study has resulted in a better understanding of the different synthetic routes for the preparation of MAO and the effect of synthesis conditions on the catalytic effect of MAO for the polymerization of ethylene. Synthesized MAO has been thoroughly characterized. The Cp2ZrCl2-TIBDAO catalyst system has been shown to polymerize ethylene with a kinetic profile similar to that of Cp2ZrCl2-MAO catalyzed polymerization of ethylene with a low activity. The studies on the effect of added TMA on Cp2ZrCl2-MAO catalyzed polymerization of ethylene resulted in increase in the catalytic activity as well as increase in life time of the catalyst accompanied by a change in kinetic profile from decay type to build up type curve. The Cp2ZrCl2-AlMe(BHT)2 catalyst system has been shown to polymerize ethylene in presence of added TMA with a kinetic profile similar to that of Cp2ZrCl2-MAO catalyzed polymerization of ethylene with a low activity. These results have been explained based on the current understanding of the mechanism of ethylene polymerization using homogeneous metallocene-MAO catalyst. 
PART-B The photopolymerization studies resulted in the use of MAO as a photoinitiator for the polymerization of acrylic ester monomers. MAO induced polymerization showed a linear increase in conversion as well as number average molecular weight with time. A linear increase in number average molecular weight with conversion for the photopolymerization of methyl methacrylate is also observed. The kinetic parameter kp 2/kt for the photopolymerization of methyl methacrylate induced by MAO is found to be 20 times higher than that of TMA. 
  	 


